1998), and evidence exists that it enhances the well-being of group-housed mice by reducing levels of stress and aggression in males (Armstrong et al. 1998 , Van Loo et al. 2002 , 2004 . Nesting material allows mice some control over their environment in terms of opportunity to structure their own cage and induce a preferred micro-climate with regard to temperature, light intensity and ability to hide. Furthermore, it enhances species-speci c nest-building behaviour, a behaviour that is strongly genetically determined in mice (Van Oortmerssen 1971) . Pregnant rats also use nesting material to build nests for parturition and care-taking of the progeny (Denenberg et al. 1969) , and wild and pet rats have been observed to build nests for thermoregulatory purposes, regardless of gender or state of pregnancy (Boice 1977 , Jegstrup et al. 2002 . Several preference tests have provided evidence that non-pregnant laboratory rats also prefer cages with nesting material to standard laboratory cages (Bradshaw & Poling 1991 , Manser et al. 1998a ,b, Ras et al. 2002 . Only Manser et al. (1998a) mentions whether rats actually use the nesting material offered for nest-building purposes. Soft paper shavings, wood shavings and compressed cotton bres were scattered and ignored. Soft paper strips and coarse paper strips (Enviro-dri) were used to rest on, but elaborate nests were not built. Nesting material is often eaten when offered to adult laboratory rats (personal communication, Animal Facility Manager, Utrecht University, The Netherlands). Consequently in several animal facilities this presumed disuse or misuse of nesting material by rats has been a reason that it has not been used as environmental enrichment.
We hypothesized that nest-building behaviour in rats, other than around parturition, is not strongly genetically determined; but rather that rats need to learn to use nesting material for nest-building purposes. To test this hypothesis, the use of nesting material provided to rats from birth, from weaning, and from the age of 8 weeks was compared.
Methods
The protocol of this experiment was approved by the Animal Experiments Committee of the Veterinary Department at Utrecht University (IACUC), and peer reviewed by the scienti c committee of the Department of Laboratory Animal Science.
Animals and husbandry
Six pregnant rats of the Wistar (U:WU) strain were purchased from the SPF Department of the Central Animal Facility at Utrecht University, The Netherlands. They were individually housed in wire-topped clear perspex Makrolon ® type III cages (810 cm 2 , Tecniplast, Milan, Italy) provided with sawdust bedding (Lignocel ® 3/4; Rettenmaier & Söhne, Ellwangen-Holzmühle, Germany). Three rats received nesting material (three Kleenex ® tissues, Kimberly-Clark Corporation, Ede, The Netherlands) in addition to the usual bedding material ('enriched'). The others received no additional nesting material ('standard'). Pelletted food (RMH-B ® , Hope Farms, Woerden, The Netherlands) and tap water were available ad libitum. The animal room had a controlled temperature (20-21°C), humidity (60 8%) and ventilation (15 air changes/h). The arti cial light/dark cycle was 12:12 with lights on at 07:00 h. Cages of mothers with pups were cleaned twice weekly. The number of young varied from 9-13 per mother. In total, 30 male and 34 female rats were born. The progeny of the standard-housed mothers were mixed after parturition and equally divided among the three mothers. The progeny of the enriched mothers were similarly mixed and divided.
At weaning (age 3.5 weeks), the rats were divided in same-sex couples, housed in Makrolon ® type III cages provided with sawdust bedding and nesting material according to experimental treatment, as described in the following section.
Procedure and data collection
Rat couples were divided over four treatment groups, receiving either Kleenex ® tissues (Kimberly-Clarke Corporation, EEC) or Enviro-dri ® (Shepherd Specialty Papers, Kalamazoo, Michigan US; Fig 1) at different ages as shown in Table 1 . Couples were allowed to habituate to the new housing conditions for 1.5 weeks before behavioural observations started.
From weaning until the age of 11 weeks, cages were cleaned weekly and nesting material was renewed after level of soiling was determined (1 clean, 2 slightly soiled, or 3 substantially soiled). Twice a week, food and water were weighed and refreshed, and animals were weighed to monitor their well-being. On weekdays between 09:00 and 10:00 h, the shape (1 at, 2 slightly curved, or 3 deep) of the nesting material was scored, as was whether or not the nesting material was eaten. Twice a week, between 10:00 and 13:00 h, behaviour of the rats was scored by scan sampling with a 10 min interval according to the ethogram in Table 2 , resulting in 40 samples per couple per observation period. Behavioural observations were scheduled in the 3 h following cage cleaning and following refreshment of food and water.
At the age of 12 weeks, all test groups were provided with both three Kleenex tissues and 8 g of Enviro-dri. Eating of both nesting materials was then monitored for another 4 days before the experiment ended.
Statistical analyses
Male and female rats did not differ signicantly in any of the parameters measured, as established by a 2 test. Therefore, gender was not taken into account in the subsequent statistical analyses. Data on shape, soiling and eating of the nesting material were grouped for ages 4 -7 weeks and ages 8-11 weeks, and analysed with the aid of a Kruskal-Wallis test for comparisons between three or four groups. When overall signi cant differences were found, a subsequent Mann-Whitney U test was used for comparisons between two groups. Behavioural data were grouped for 4 weeks, tested for normality with the aid of a one-sample Kolmogorov-Smirnov test and analysed using a one-way analysis of variance, and subsequent t-tests for overall signi cant differences. Eating of nesting material in the nal test week was analysed using a Kaplan-Meier survival analysis (Kleenex tissues), and a Fisher's exact test (Enviro-dri). Whenever multiple comparisons were made between test groups, P values were Bonferroni-corrected corresponding to the number of comparisons made (indicated by P B ). The day that the nesting material was fully eaten is presented in Fig 2. Results differed signi cantly between groups for both age categories (P 4 -7 0.001; P 8-11 0.01). Rats from the Birth ED group never ate the Enviro-dri. Therefore, contrast results between Birth ED and all other test groups at both ages were highly signi cant (P B 0.01 or less). Furthermore, rats from the Adult KL group ate the nesting material signi cantly sooner than rats from both the Birth KL group and the Weaning KL group (P B 0.01 and P B 0.05,
20
Van Loo & Baumans 
Behaviour until the age of 11 weeks
Behavioural observations did not reveal any signi cant differences between test groups, with the exception of nibbling at the nesting material ( Fig 3; overall P 0.01). Between 4 and 7 weeks of age, rats from the Birth ED groups nibbled signi cantly less at the nesting material than rats from the Birth KL and Weaning KL groups (both P B 0.05). Between 8 and 11 weeks of age, these differences were still visible, and were signi cant between the Weaning KL and Birth ED groups (P B 0.05). Furthermore, rats from the Adult KL groups nibbled signi cantly more at the nesting material than all other groups (P B 0.05 or less).
Eating of nesting material at the age of 12 weeks
At the age of 12 weeks all test groups were provided with both Kleenex tissues and Enviro-dri and monitored for another 4 days. Test groups overall differed signi cantly in the time at which the Kleenex tissues were (nearly) eaten (Fig 4; P 0.001) . Contrast tests show that rats from the Adult KL group again ate the Kleenex tissues signi cantly faster than rats from the three other test groups (all at least: P B 0.05). The other test groups did not differ signi cantly. Eating of the Enviro-dri differed signicantly between groups (Table 3 ; P 0.001). As had been observed in previous weeks, rats from the Birth ED group did not eat Enviro-dri in the nal test week at all, while rats from the other test groups did so to a greater or lesser extent. These data differed signi cantly between the Adult KL group and all other test groups (all: P B 0.01). On the nal test day, the majority of Birth ED groups (7 of 8), Birth KL groups (8 of 9) and
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Laboratory Animals ( Weaning KL groups (6 of 8) had combined both nesting materials to build a nest, whereas none of the Adult KL groups had done so.
Discussion
The results of this experiment strongly suggest that both age of rst acquaintance and type of nesting material in uence whether rats use nesting material for nest-building purposes.
Nest observations as well as behavioural data revealed that the earlier in life rats were provided with Kleenex tissues, the less they ate the material (see Figs 2 and 3) . Observations of Kleenex tissues in the nal test week (in which all groups were provided with both Kleenex tissues and Enviro-dri) revealed similar results (Fig 4) . The importance of early rearing conditions on learning behaviour of rats later in life has been widely demonstrated (e.g. Cooper & Zubek 1958) , and it may well be that rats need to have access to nesting material when young (or possibly even in the presence of their nestbuilding mother) in order to learn to construct a nest. Dell and Rose (1987) showed that environmental enrichment given to rats even before pregnancy considerably affects the behaviour of the offspring.
Rats provided with Enviro-dri from birth never ate it. Accordingly, nibbling at the nesting material was scored least in this group of rats. It could therefore be expected that rats do not eat Enviro-dri at all. The Adult KL groups, however, all partially ate the Enviro-dri in the nal test week, and it was also partially eaten by two of the Weaning KL and Birth KL groups. This implies that not only acquaintance with nesting material at a young age, per se, but also acquaintance with a particular type of nesting material are important factors in determining the use of the nesting material by the rats. Rats provided with Enviro-dri from birth made deeper nests than rats provided with Kleenex tissues from birth and, although Enviro-dri was eaten by several rats, this was markedly less than the eating of Kleenex tissues. The more sturdy quality of Enviro-dri, and its mazed characteristic compared to Kleenex tissues, may account for these differences. Jegstrup et al. (2002) showed that adult Sprague-Dawley rats, provided with a nest box and natural materials for nest building (beech leaves, dried grass, straw and sand) readily used these materials to build elaborate nests. This seems contradictory to the results presented here. Several explanations may be possible: First, the nesting materials used were different, and may have been inedible or otherwise repellent to the rats. Although this may seem somewhat unlikely, Jegstrup (personal communication) reports never having observed rats eating the nesting material she provided. Furthermore, the rat strains differed. In the Sprague-Dawley strain, a possible genetic component for nest building may have been conserved better than in the Wistar strain. Although in rats, evidence for this hypothesis is lacking, there is clear evidence that nest-building behaviour in mice is highly genetically determined, and may differ substantially between different inbred strains (Lynch & Hegmann 1973) . Finally, in addition to nesting material, Jegstrup et al. provided the rats with nest boxes. These nest boxes, being a simulation of natural burrows, may have triggered nest-building behaviour to a stronger degree. Indeed the relative preference of nest boxes over nesting material or vice versa is dif cult to establish since rats habitually combine both types of enrichment when offered to them (Manser et al. 1998a , Patterson-Kane 2001 . Providing rats with a combination of both may therefore provide an optimal form of enrichment.
The rats in this study did not readily use nesting material for nest-building purposes. They did, however, eat it to a large extent. A study by Chmiel and Noonan (1996) indicated that rats like to gnaw on objects. The eating of nesting material observed in this study may indicate the existence of a strong need to perform gnawing behaviour. Gnawing objects have been proposed as successful small-scale enrichment for laboratory rats (Mortell 2001 , Patterson-Kane 2001 . The consumption of nesting material may be considered inappropriate or even unacceptable to some researchers, since nesting material is not offered for this purpose and its consumption may have detrimental side effects. Other enrichment objects that are far more suitable for gnawing, such as wooden gnawing blocks, are commercially available. The provision of such gnawing objects in addition to nesting material may aid in ful lling the need for gnawing, thereby decreasing the level of gnawing on nesting material, and leaving more material for nest-building purposes.
In conclusion, rats are clearly able to make use of nesting material for nestbuilding purposes. If provided from birth, nesting material may therefore be a suitable type of environmental enrichment for laboratory rats. Further research is needed to investigate the in uence of different kinds of nesting material, and the provision of other enrichment items such as a nest box and/or gnawing objects, on nest-building behaviour.
